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Abstract 
In this study, the TIG welding process for the super alloy (Alloy 617), which is a heat- and corrosion-resistant 
material, was optimized. The mechanical properties of the weld of Alloy 617 also were assessed on the basis of 
reliability. The results yield following conclusions: 1) it is effective to use Ar+2.6%H2 gas as a shield gas for the TIG 
welding of Alloy 617(base metal)+Tissen 617 (filler metal). 2) when welding under the optimized welding condition, 
the base metal and the HAZ do not show large differences in the metallurgical micro-structure and composition but 
the weld metal zone does show coarse grain compared to the base metal and HAZ. 3) the yield strength ratio of 
weld/base metal is 0.96, the tensile strength ration is 0.89 at R.T, the yield strength ratio is 0.71, and the tensile 
strength ratio is 0.86 at 700oC. 4) the bending strength ratio of the weld at 700oC/R.T is assessed to be 0.89. 
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1. Introduction 
Some of the topical issues in the world today are to address environmental pollution and develop green  
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energy. One of the pollutants of utmost concern is exhaust gases, specif., CO2 gas, from thermal power 
plants that use fossil fuels. Therefore, it is important to reduce exhaust gases for mitigating environmental 
pollution. So far, ever since it has become known that the most effective methodology for green power 
plant systems is to increase the generative efficiency of thermal power plants, many researchers have tried 
to develop related technologies. The core technology for increasing the generative efficiency is to 
improve the performance of steam turbines [1]. In order to improve the performance of steam turbines, 
since the temperature of operating steam should be elevated greatly, it is very important to develop a high 
temperature material that is able to enable both durability and reliability under extreme environments. 
Among the materials developed so far, it is known that the most practical and applicable materials above 
700oC are Ni-based alloys.  However, in order to apply these Ni alloys to the rotor of a steam turbine, it is 
necessary to first develop the following: welding technologies to weld similar and dissimilar materials; 
welding stress analysis; post-weld heat treatment technology; and mechanical property testing procedures 
under high temperatures above 700oC. In this study, Alloy 617, which is a Ni- based super alloy, was 
investigated to secure its reliability for welding technology and technical information. The optimized TIG 
welding conditions for similar and dissimilar welding and the mechanical, metallurgical and electro-
chemical properties for the weld of Alloy 617 at high temperatures above 700oC were evaluated.  
2. Welding Technology of Alloy 617  
2.1 Material and welding procedure 
Tables 1 and 2 illustrate the chemical composition and mechanical properties of Alloy617. DCEN TIG 
welding technology was used for this material. The welding conditions such as the electrode shape, arc 
length, welding wave mode (CW or pulse), welding heat input, the kind of shield gas, etc., were 
controlled and optimized through welding monitoring system. The welding direction was made parallel to 
the rolling direction of the base metal, as shown in Figure 1. The groove shape was machined in a U-
groove for narrow gap welding [2, 3].  When welding was completed for each pass, the surface conditions 
of the weld bead were carefully observed, and the welding condition was confirmed. The filler metal used 
was Tissen 617.  
                     
 
  
 
(a) U-groove with a narrow gap.                                              (b) Welding direction 
Figure 1. U-groove with a narrow gap and the welding direction for Alloy 617.  
 
Table 1. The chemical compositions of Alloy 617. 
                
Material            Ni      Cr        Co       Mo      Al       C        Fe       Mn       Si      S        Ti      Co      B               
Alloy 617       44.6   20.0     10.0       8.0      0.8     0.05     3.0      1.0       1.0   0.015   0.6     0.5    0.006 
2.
0 
R2.4 
230 12
.7
 
Rolling direction 
Welding direction 
0.7 
10 
Young Su Park et al. / Procedia Engineering 10 (2011) 2645–2650 2647
Table 2.The thermal and mechanical properties of Alloy 617. 
 
Material        Density             Specific heat capacity         Melting point              Thermal conductivity            UTS 
                                      g/cc                      at 28oC, J/kg oC                                                     at 500 oC, W/m oC               MPa 
 
Alloy 617        8.4                               419                             1332-1380                                20.9                         755 
 
2.2 Results of welding 
Figure 2 illustrates the conditions of the weld bead surfaces and sections for each pass welded under the 
welding conditions using two shield gases of Ar-20% He and Ar-2.5% H2 in the case of Alloy617 (base 
metal) + Tissen 617 (filler metal). As shown in Figure 2, when welding under the welding condition using 
Ar-2.5% H2 shield gas, the welding results were more successful compared to those under the welding 
condition using Ar-20% H2 shield gas. In this study, many welding processes were performed repeatedly 
under various welding conditions and shield gases. From the results, the optimized welding condition 
illustrated in Table 3 was obtained.  Figure 3 shows the weld bead conditions welded using the welding 
condition in Table 3. 
 
 
 
 
 
 
 
 
 
Figure 2. Welded conditions of Alloy617 + Tissen 617 under the welding condition 
using two shield gases of Ar-20%He and Ar-2.5%H2. 
Table 3. Optimized welding condition of Alloy 617 (base metal) + Tissen 617 (filler metal). 
 
 
  
Pass 
Shield 
gas 
Wire feed 
speed 
(mm/min) 
Arc 
length 
(mm) 
Electrode 
stick out 
(mm) 
Current 
(A) 
WFR 
(cpm) 
OC 
(freq.,Hz) 
OC 
width 
(mm)  
OC 
delay(sec) 
1 Ar+2.5%H2 1000 4 10 120 10 0.5 1.0 0.1 
2 Ar+2.5%H2 1000 4 10 150 10 0.5 2.0 0.2 
3 Ar+2.5%H2 1000 4 10 180 10 0.5 2.5 0.2 
4 Ar+2.5%H2 1000 4 10 180 10 0.5 2.5 0.2 
5 Ar+2.5%H2 1000 4 10 180 10 0.5 2.5 0.2 
6 Ar+2.5%H2 1000 4 10 180 10 0.5 2.5 0.2 
7 Ar+2.5%H2 1000 4 10 180 10 0.5 3.0 0.1 
Back Ar+2.5%H2 1000 2 10 150 10 0.5 1.0 0.1 
Ar-2.5%H2 
Ar-20%He 
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Figure 3. Welded conditions of Alloy 617 +Tissen 617 under the optimized welding condition in Table 3. 
 
Table 4. Results of the metallurgical micro-structure and compositional analysis for the base metal, HAZ, and weld metal 
 
           
Element (Wt.%)                   (a)Weld metal zone                              (b) HAZ                                 (c) Base metal 
MoL                                            11.22                                              9.67                                             10.67 
CrK                                             21.40                                            21.30                                             23.45 
FeK                                               2.54                                              2.17                                               1.49 
CoK                                            13.33                                            14.33                                             11.48 
NiK                                             51.50                                            52.57                                             52.91 
3. Analysis of the Micro-structure and Composition for the Weld of Alloy 617  
Table 4 illustrates the results of analysis of the micro-structure and composition for the base metal and 
the weld. Table 4(a) displays the result for the weld metal zone. The micro-structure of the weld metal 
zone shows a type of elliptical coarse grain compared with the base metal and HAZ(heat affected zone); 
further, Ni, Cr, Co, and Mo were analyzed as the major constituents. However, the Ni element was less 
prevalent than the base metal and HAZ. Table 4(b) displays the result on HAZ. The micro-structure of 
HAZ shows an irregular and coarse type of grain compared with the weld metal owing to the heat effect 
from the welding heat input; further, Ni, Cr, Co, and Mo also were analyzed as the major constituents. 
Table 4(c) depicts the result for the base metal. The micro-structure of the base metal shows a similar 
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grain type as HAZ, but it is rounder in shape than that of HAZ. Again, Ni, Cr, Co, and Mo were analyzed 
as the major constituents. However, the Ni element was analyzed as being the most prevalent.  
4. Evaluation of the High Temperature Properties for the Weld of Alloy 617  
4.1 Test procedure 
In this study, the tensile strength and the bending strength for the weld of Alloy 617 at high temperature, 
viz., 700oC, were evaluated. Figure 4 shows the configuration of the tensile and bending test specimens. 
Specimens and jigs for the tensile and bending strengths were fabricated in accordance with ASTM 
standard [4, 5] and JIS [6]. In order to evaluate the mechanical properties at high temperature, namely, 
700oC, the specimen temperature was maintained at a constant value using the transistor inverter and the 
infrared thermal sensor.  Owing to the high specimen temperature of up to 700oC, both the test jigs and 
the equipment were heated due to heat transfer from the specimen; hence, a cooling system using 
circulating cooling water was used to prevent these problems.      
 
4.2 Evaluation result of mechanical properties at 700oC 
 
Tensile test specimens for welded alloy 617 were mostly failed at HAZ, and in the case of bending test 
specimens, after finishing bending tests at room temperature and 700୅, it was not found any cracks in 
the surface of tested specimen as shown in Figure 5.G Table 5 illustrates mechanical strengths of the weld 
and base metal at 700୅. 
 
G G G G G (a) Tensile specimen                                                                (b)Bending specimen 
Figure 4. Configuration of tensile and bending specimen 
 
 
 
 
 
 
Figure 5. Surface condition after the bending test 
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Table 5.  Mechanical strength for the base metal and weld of Alloy 617 at R.T and 700oC 
 
                                                Base metal(MPa)                                  Weld(MPa)                              Weld/Base metal 
                                                  R.T       700oC                                   R.T       700oC                            R.T        700oC 
   Yield strength             360.2       425.1                                   344.8      301.3                            0.96         0.71 
   Tensile strength          759.4       709.4                                   675.2      607.4                            0.89         0.86 
   Bending strength       -               -                                         615.0      547.5                               -                - 
 
5. Conclusion 
Alloy 617, which is a Ni base super alloy, was investigated to secure its reliability for welding 
technology and technical information. The optimized TIG welding condition, and the mechanical and 
metallurgical properties of the base metal and weld of Alloy 617 at high temperatures above 700oC#were 
evaluated. The conclusions are summarized as follows, 
1) Ar+2.5%H2 shield gas is useful for the TIG welding of Alloy617 + Tissen617 . 
2) When Alloy 617 was welded as per the optimized condition, both the base metal and HAZ did not 
show big differences in terms of the metallurgical micro-structure and composition. However, the weld 
metal zone was of a comparatively large and coarse grain type. 
3) The strength ratios (welded/base metal) of Alloy617 at room temperature were as follows, yield 
strength ratio=0.96 and tensile strength ratio=0.89. At 700oCS the yield strength ratio=0.71, tensile 
strength ratio=0.86. 
4) The bending strength ratios of Alloy 617 weld at room temperature and 700 oC were evaluated to be 
0.89. Therefore, the bending strength at 700oC decreased by 10% compared with that at room temperature. 
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